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(g) Particles of rare earth phosphate and method for the preparation thereof. 

(57) Proposed is a method for the preparation of a 
rare earth phosphate powder or, in particular, a 
composite rare earth phosphate powder of 
lanthanum, cerium and terbium having proper- 
ties suitable for use as a base material of phos- 
phors in fluorescent lamps in respect of particle 

size distribution of 1-10 p.m and globular parti- 
cle configuration. The method is basically a r 
precipitation method by mixing aqueous solu- 
tions of a water-soluble salt of the rare earth 
element or elements and phosphoric acid but 
the inventive method is characterized by com- 
pleting introduction of the rare earth salt solu- 
tion into the phosphoric acid solution within a 
limited length of time of 3 seconds to 5 minutes 
at a specified temperature, each of the solutions 
having a specified concentration. 
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BACKGROUND OF THE INVENTION 

The present invention relates to particles of a rare 
earth phosphate having usefulness as a base mate- 
rial of rare earth phosphate-based phosphors mainly 
used in fluorescent lamps as well as a method for the 
preparation thereof. More particularly, the invention 
relates to phosphate particles of lanthanum, cerium 
and terbium in combination and a method for the prep- 
aration thereof. 

As is well known by the disclosure, for example, 
in U.S. Patent No. 3,634,282 and Japanese Patent 
Kokai No. 54-56086, lanthanum orthophosphate ac- 
tivated by cerium and terbium having a monoclinic 
crystal structure is useful as a phosphor in fluores- 
cent lamps of the 3-wavelength type. This phosphor 
material is usually prepared from composite phos- 
phate particles of lanthanum, cerium and terbium in 
combination, for which several wet-process methods 
have been proposed heretofore, for example, in Jap- 
anese Patent Publication No. 1-41673, Japanese Pa- 
tent Kokai No. 4-388105, U.S. Patent No.3,507,804 
and Japanese Patent Kokai No. 6-56412. The rare 
earth phosphate products prepared by the methods 
disclosed in the former two references, however, are 
disadvantageous due to the relatively high production 
costs because the phosphate particles obtained 
thereby consist of primary particles having a very 
small particle diameter smaller than 1 um so that the 
precipitates of the phosphate formed by the wet proc- 
ess are consolidated into hard cakes in the course of 
filtration and drying necessitating a pulverization or 
disintegration treatment before use as a base mate- 
rial of rare earth phosphate phosphors. On the other 
hand, the rare earth phosphate particles prepared by 
the method disclosed in the above mentioned third 
reference have a particle diameter as large as 10 um 
or even larger so that the phosphor prepared from 
such phosphate particles having a particle diameter 
of 1 0 u.m or larger is not suitable for use in fluorescent 
lamps for which the phosphor particles preferably 
should have a particle diameter of 1 to 10 um although 
such a phosphor consisting of so coarse particles can 
be used in cathode ray tubes. Further, the rare earth 
phosphate powder obtained by the method disclosed 
in the above mentioned fourth reference consists of 
particles having a particle diameter of 1 to 15 um but 
the particles are each an agglomerate of very fine pri- 
mary particles having a particle diameter smaller than 
several hundreds of nm. 

As is mentioned above, phosphors in general pre- 
ferably consist of non-agglomerated discrete partic- 
les having a particle diameter of 1 to 10 um. Primary 
particles of a rare earth phosphate-based phosphor 
having a particle diameter smaller than the above 
mentioned range have a problem that the brightness 
of the phosphor as a luminescent material on the 
walls of fluorescent lamps is subject to decay in the 



{5 549 A1 2 

lapse of time during service. When the phosphor par- 
ticles have a relatively large particle diameter but con- 
sist of agglomerates of fine primary particles, on the 
other hand, the agglomerate particles are necessarily 

5 disintegrated during handling to produce fine dusty 
particles so that the yield of acceptable phosphor 
products is decreased greatly. Furthermore, the ag- 
glomerate particles obtained by the method disclosed 
in the above mentioned fourth reference have an ir- 

10 regular particle configuration so that difficulties are 
encountered that coating on the inner surface of a flu- 
orescent lamp tube with a slurried coating composi- 
tion of the phosphor can hardly be uniform enough 
when the phosphor material is a mixture of phosphor 

15 materials of different types as is the case in the phos- 
phor composition for fluorescent lamps of the 3-wa- 
velength type as compared with a coating composi- 
tion of a phosphor material consisting of spherical or 
globular particles. In this fourth method for the prep- 

20 aration of a rare earth phosphate, namely, it is essen- 
tial that the pH value of the reaction mixture during 
the precipitation reaction is kept constant by the ad- 
dition of ammonia water or an alkali metal hydroxide 
sometimes in an amount of three times by moles 

25 based on the amount of the rare earth element so that 
serious problems are encountered relative to the pro- 
duction costs and in the environmental pollution rel- 
ative to waste water disposal. An alternative method 
is proposed in Japanese Patent Kokai No. 4-130014 

30 for the preparation of rare earth phosphate particles 
as a base material of phosphors having a particle di- 
ameter of 1 to 10 um, in which an aqueous slurry of 
fine particles of a rare earth phosphate is dried by us- 
ing a spray drier. This method of spray drying is also 

35 not free from the problem, like the other methods de- 
scribed above, that the particles are formed by ag- 
glomeration of fine primary particles of sub-micron 
order to form agglomerated particles of 1 to 10 um di- 
ameter which have low mechanical strengths and are 

40 readily disintegrated so that the workability in the 
processing thereof into a phosphor is poor and the 
yield of acceptable phosphor products is necessarily 
low. 

45 SUMMARY OF THE INVENTION 

The present invention accordingly has an object 
to provide a powder consisting of particles of a rare 
earth phosphate or, in particular, particles of a corn- 
so posite phosphate of rare earth elements including 
lanthanum, cerium and terbium in combination free 
from the above described problems and disadvantag- 
es in the rare earth phosphate particles of prior arts 
as well as to provide an efficient and reliable method 
55 for the preparation of a rare earth phosphate powder 
having such unique characteristics. 

Thus, the rare earth phosphate powder provided 
by the invention is a powder consisting of particles of 
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a rare earth element phosphate having a globular par- 
ticle configuration and an average particle diameter 
in the range from 1 nm to 10 urn or, in particular, a 
powder consisting of particles of phosphate of a com- 
bination of rare earth elements including lanthanum, 5 
cerium and terbium expressed by the formula La x . 
Ce y Tb (1 _ x _ y) P04-zH20, in which x is a positive number 
in the range from 0.4 to 0.7, y is zero or a positive 
number with the proviso that x + y is in the range from 
0.7 to 0.9 and z is zero or a positive integer not ex- 10 
ceeding 5, having a globular particle configuration 
and an average particle diameter in the range from 1 
urn to 10 i^m. 

The method of the present invention for the prep- 
aration of a rare earth phosphate powder having the 15 
above defined unique characteristics of the particles 
comprises the steps of: 

(a) adding an aqueous solution of a salt of a rare 
earth element or, in particular, an aqueous solu- 
tion of salts of lanthanum, cerium and terbium in 20 
combination into an aqueous solution of phos- 
phoric acid taking a time of the length in the range 
from 3 seconds to 5 minutes to form an aqueous 
slurry of particles of a rare earth phosphate or, in 
particular, particles of composite rare earth phos- 25 
phates of lanthanum, cerium and terbium in com- 
bination in an aqueous medium; and 

(b) separating the particles in the aqueous slurry 
from the aqueous medium. 

30 

BRIEF DESCRIPTION OF THE DRAWING 

Figures 1 and 2 are each a scanning electron mi- 
croscopic photograph of the globular particles of a 
composite rare earth phosphate of lanthanum, cerium 35 
and terbium prepared in Example 1 and in Compara- 
tive Example 2, respectively. 

Figures 3 and 4 are each a histogram showing the 
particle size distribution of the globular particles of a 
composite rare earth phosphate of lanthanum, cerium 40 
and terbium prepared in Example 1 and in Compara- 
tive Example 2, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 45 

As is described above, the rare earth phosphate 
powder of the invention is characterized by the unique 
globular particle configuration and particle size dis- 
tribution of the discrete particles not obtained in the so 
conventional rare earth phosphate powders and has 
been obtained as a result of the extensive investiga- 
tions undertaken by the inventors. The above men- 
tioned unique characteristics of the inventive rare 
earth phosphate powder are evident from the scan- 55 
ning electron microscopic photograph of Figure 1 
showing the inventive particles of the composite rare 
earth phosphate of lanthanum, cerium and terbium 
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prepared in Example 1 described later, which is in 
great contrast to Figure 2 for the particles of the com- 
posite rare earth phosphate of lanthanum, cerium and 
terbium prepared for comparative purpose in Com- 
parative Example 2 described later. Th rare earth 
phosphate powder prepared in Example 1 has a par- 
ticle size distribution shown by the histogram of Fig- 
ure 3 from which it is understood that the particle di- 
ameter of the powder falls within the range of 1 to 10 
u,m while the powder prepared in Comparative Exam- 
ple 2 has a coarser particle size distribution shown by 
the histogram of Figure 4. The particle size distribu- 
tions shown in Figures 3 and 4 were obtained by the 
measurement using a Microtrac Particle Size Analyz- 
er Model No. 1 58705 (a commercial product by Micro- 
trac Co.). 

Following is a detailed description of the method 
for the preparation of the rare earth phosphate pow- 
der having the above mentioned characteristics. 

One of the starting materials is an aqueous solu- 
tion of a water-soluble salt of the rare earth element. 
The salt can be an inorganic acid salt such as chlor- 
ides, nitrates and the like. Such an aqueous solution 
of the salt can be prepared by dissolving an oxide of 
the rare earth element in an inorganic acid such as hy- 
drochloric acid, nitric acid and the like. Itis sometimes 
industrially advantageous in the costs, if available, to 
use the acidic aqueous solution obtained from the 
separation and purification process of the rare earth 
elements such as the solvent-extraction process. 
When the rare earth phosphate to be prepared is a 
composite phosphate of lanthanum, cerium and ter- 
bium in combination, acidic aqueous solutions of the 
respective rare earth salts are mixed together in a 
specified proportion and the aqueous solution is pre- 
pared to have an appropriate concentration of the 
rare earth element or elements, concentration of free 
acid and temperature. The concentration of the rare 
earth element or elements should be in the range 
from 0.01 mole/liter to 2 moles/liter or, preferably, 
from 0.05 mole/ liter to 0.8 mole/liter. When the con- 
centration of the rare earth element or elements is too 
low, too fine particles having a particle diameter of, 
for example, 0.5 \xm or smaller are intermixed in the 
product of the rare earth phosphate particles while, 
when the concentration is too high, on the other hand, 
too coarse particles having a particle diameter ex- 
ceeding, for example, 10 jim are intermixed in the 
product of the rare earth phosphate particles. 

The molar concentration of free acid in the aqu- 
eous solution of the rare earth salt should not exceed 
three times of the molar concentration of the rare 
earth element or elements. When the concentration 
of free acid is too high, acicular particles are inter- 
mixed in the product of the rare earth phosphate par- 
ticles. The aqueous solution of the rare earth salt 
should be kept at a temperature in the range from 50 
°C to 100 °C . When the temperature is too low, too 
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fine particles having a particle diameter of, for exam- 
ple, 0.5 urn or smaller are intermixed in the product of 
the rare earth phosphate particles. Although the aver- 
age particle diameter of the rare earth phosphate par- 
ticles can fall within the range of 1 to 1 0 urn even when 
one or more of the above mentioned parameters do 
not fall within the above mentioned respective prefer- 
able ranges, all of the above mentioned requirements 
for the parameters should be satisfied by some 
means or others because deviation from the optimum 
conditions of the parameters may result in a decrease 
in the yield of the phosphor products prepared from 
the phosphate particles. 

The other of the starting materials used in the in- 
ventive method is an aqueous solution of phosphoric 
acid. The amount of phosphoric acid in the aqueous 
solution is preferably at least 1 .5 times of the theoret- 
ically equivalent amount relative to the rare earth ele- 
ment or elements in the first aqueous solution. When 
the amount of phosphoric acid is too small, too fine 
phosphate particles having a particle diameter of 0.5 
urn or smaller are intermixed in the precipitates of the 
rare earth phosphate. The concentration of phospho- 
ric acid in the aqueous solution is preferably in the 
range from 0.01 mole/liter to 5 moles/liter. When the 
concentration is too low, the volume of the aqueous 
solution is accordingly so large that the productivity of 
the process is decreased. When the concentration of 
phosphoric acid is too large, on the other hand, ag- 
glomeration of the primary particles may take place 
resulting in intermixing of coarse particles having a 
particle diameter exceeding 1 0 jam. The aqueous sol- 
ution of phosphoric acid is kept at a temperature in the 
range from 50 °C to 100 °C. It is preferable that the 
phosphoric acid solution is kept at about the same 
temperature as that of the aqueous solution of the 
rare earth salt. When the temperature of the phospho- 
ric acid solution is too low, too fine particles having a 
particle diameter smaller than 0.5 urn may be inter- 
mixed in the precipitates of the rare earth phosphate. 
Although the average particle diameter of the rare 
earth phosphate particles can fall within the range of 
1 to 1 0 jam even when one or more of the above men- 
tioned parameters do not fall within the above men- 
tioned respective preferable ranges, the above men- 
tioned requirements for all of the parameters should 
be satisfied by some means or others because devia- 
tion from the optimum conditions of the parameters 
may result in a decrease in the yield of the phosphor 
products prepared from the phosphate particles. 

In step (a) of the inventive method, the aqueous 
solution of the rare earth salt is introduced into the 
aqueous phosphoric acid solution under agitation. It 
is essential in order to control the particle diameter of 
the precipitated phosphate particles within the range 
from 1 to 10 suitable for use as the base material 
of phosphors for fluorescent lamps that introduction 
of the whole volume of the aqueous solution of the 



rare earth salt into the phosphoric acid solution, which 
is conducted at a substantially uniform rate, is com- 
pleted within a length of time in the range from 3 sec- 
onds to 5 minutes. When the procedure of introduc- 
5 tion of the rare earth salt solution is conducted too 
rapidly, too fine particles having a diameter smaller 
than 1 ^irn may be intermixed in the precipitates of the 
rare earth phosphate. When the procedure of intro- 
duction of the rare earth salt solution is conducted too 
10 slowly, too coarse particles having a diameter larger 
than 10 um may be intermixed in the precipitates of 
the rare earth phosphate as a result of growth of the 
precipitated particles. In step (b) of the inventive 
method, the precipitated rare earth phosphate partne- 
rs les are collected from the aqueous slurry obtained in 
step (a) described above by a solid-liquid separating 
method such as filtration followed by washing with 
water and drying or calcination to give a rare earth 
phosphate powder consisting of particles having a 
20 particle diameter in the range from 1 to 10 um. In the 
above described inventive method, it is absolutely un- 
necessary to control the pH value of the reaction mix- 
ture by using an alkaline compound such as ammonia 
water and the like in the course of the precipitation re- 
25 action and the pH of the reaction mixture is gradually 
decreased as a consequence of formation of a free 
acid by the reaction. Rather, addition of an alkaline 
compound to control the pH should not be undertaken 
because of the possible formation of too fine phos- 
30 phate particles and agglomeration of primary partic- 
les. 

The method of the present invention described 
above is applicable to the preparation of phosphate 
particles of any rare earth elements including yttrium 

35 and the elements having an atomic number of 57 to 
71 inclusive expressed by the chemical formula 
LnP0 4 -zH 2 0, in which Ln is a rare earth element or a 
combination of the rare earth elements and z is zero 
or a positive number not exceeding 5. These rare 

40 earth elements can be used in combination of two 
kinds or more according to need. In particular, quite 
satisfactory results can be obtained by the inventive 
method when applied to the preparation of composite 
phosphate particles of a combination of rare earth 

45 elements including lanthanum, cerium and terbium as 
expressed by the formula La x Ce y Tb (1 . x . y) P0 4 zH 2 0, 
in which x is a positive number in the range from 0.4 
to 0.7, y is zero or a positive number with the proviso 
that x+y is in the range from 0.7 to 0.9 and z has the 

so same meaning as defined above. The lanthanum-ce- 
rium-terbium mixed rare earth phosphate particles 
obtained by the inventive method are quite satisfac- 
tory as a base material for the preparation of a phos- 
phor for fluorescent lamps of the 3-wavelength type. 

55 In the following, the method of the present inven- 

tion is described in more detail by way of examples 
and comparative examples, which, however, never 
limit the scope of the invention in any way. 
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Example 1. 

An aqueous mixed rare earth nitrate solution of 
lanthanum, cerium and terbium in a total rare earth 
concentration of 0.1 mole/ liter with a lanthanumxe- 
riumiterbium molar ratio of 5:4:1 was prepared and 
the concentration of free nitric acid therein was ad- 
justed to 0.05 mole/liter. A 500 ml portion of this rare 
earth nitrate solution kept at 80 °C was introduced 
into 500 ml of an aqueous solution of phosphoric acid 
in a concentration of 0.3 mole/liter kept at 80 °C under 
agitation over a period of 20 seconds to precipitate 
rare earth phosphate particles which were imme- 
diately collected by filtration followed by washing with 
water and drying to give a mixed rare earth phosphate 
powder. The values of pH of the starting phosphoric 
acid solution, starting rare earth nitrate solution and 
the reaction mixture after completion of precipitation 
of the rare earth phosphate were 1 .4, 1 .3 and 0.8, re- 
spectively. The thus obtained rare earth phosphate 
particles were examined on a scanning electron mi- 
croscope to give an electron microscopic photograph 
shown in Figure 1 which indicates that the configura- 
tion of the particles is generally globular. The rare 
earth phosphate powder had a particle size distribu- 
tion shown by the histogram of Figure 3, from which 
the average particle diameter was calculated to be 
3.21 um. 

Example 2. 

Particles of a composite rare earth phosphate 
were prepared in substantially the same manner as in 
Example 1 except that the aqueous solution of the 
mixed rare earth nitrates was introduced into the aqu- 
eous phosphoric acid solution over a period of 60 sec- 
onds. The thus obtained phosphate particles had a 
globular particle configuration similar to that in Exam- 

pie 1 and the average particle diameter thereof was - 

7.10 um. 

Example 3. 

Particles of a composite rare earth phosphate 
were prepared in substantially the same manner as in 
Example 1 except that the aqueous solution of the 
mixed rare earth nitrates was introduced into the aqu- 
eous phosphoric acid solution over a period of 3 min- 
utes. The thus obtained phosphate particles had a 
globular particle configuration similar to that in Exam- 
ple 1 and the average particle diameter thereof was 
9.76 um. 

Example 4. 

Particles of a composite rare earth phosphate 
were prepared in substantially the same manner as in 
Example 1 except that the molar ratio of the (lantha- 



num nitrate):(cerium nitrate):(terbium nitrate) was 
6.5:2.0:1.5. The thus obtained phosphate particles 
had a globular particle configuration similar to that in 
Example 1 and the average particle diameter thereof 
5 was 3.05 um. 

Example 5. 

An aqueous mixed rare earth nitrate solution of 
10 yttrium and europium in a rare earth concentration of 
0.2 mole/liter with a yttriunreuropium molar ratio of 
25:1 was prepared and a 200 ml portion of this rare 
earth nitrate solution kept at 70 °C was introduced 
into 800 ml of an aqueous solution of phosphoric acid 
15 in a concentration of 0.1 mole/liter kept at 70 °C under 
agitation over a period of 30 seconds to precipitate 
rare earth phosphate particles which were imme- 
diately collected by filtration followed by washing with 
water and calcination to give a composite rare earth 
20 phosphate powder. The thus obtained phosphate par- 
ticles had a globular particle configuration similar to 
that in Example 1 and the average particle diameter 
thereof was 8.26 um. 

25 Example 6. 

An aqueous mixed rare earth nitrate solution of 
yttrium and europium in a rare earth concentration of 
1 .5 moles/liter with a yttrium:europium molar ratio of 

30 25:1 was prepared and a 500 ml portion of this rare 
earth-nitrate solution kept at 70 °C was introduced 
into 500 ml of an aqueous solution of phosphoric acid 
in a concentration of 3.0 moles/liter kept at 70 °C un- 
der agitation over a period of 30 seconds to precipi- 

35 tate rare earth phosphate particles which were imme- 
diately collected by filtration followed by washing with 
water and calcination to give a composite rare earth 
phosphate powder. The thus obtained phosphate par- 
ticles-had-a globular particle conf iguration similar to 

40 that in Example 1 and the average particle diameter 
thereof was 9.51 um. 

Example 7. 

45 An aqueous solution of gadolinium nitrate in a 

rare earth concentration of 0.1 mole/liter was pre- 
pared and a 500 ml portion of this gadolinium nitrate 
solution kept at 80 °C was introduced into 500 ml of 
an aqueous solution of phosphoric acid in a concen- 

50 tration of 0.3 mole/liter kept at 80 °C under agitation 
over a period of 30 seconds to precipitate gadolinium 
phosphate particles which were immediately collect- 
ed by filtration followed by washing with water and 
drying to give a gadolinium phosphate powder. The 

55 thus obtained phosphate particles had a globular par- 
ticle configuration similar to that in Example 1 and the 
average particle diameter thereof was 7.19 um. 



BNSDOCID: <£P 0685549A1 I > 



9 



EP 0 685 549 A1 



10 



Comparative Example 1. 

Particles of a composite rare earth phosphate of 
lanthanum, cerium and terbium were prepared in sub- 
stantially the same manner as in Example 1 except 
that the aqueous solution of the mixed rare earth ni- 
trates was introduced into the aqueous phosphoric 
acid solution over a period of 2 seconds. The thus ob- 
tained phosphate particles had a globular particle 
configuration similar to that in Example 1 but the par- 
ticles were very fine to have an average particle di- 
ameter of only 0.87 urn. 

Comparative Example 2. 

Particles of a composite rare earth phosphate 
were prepared in substantially the same manner as in 
Example 1 except that the aqueous solution of the 
mixed rare earth nitrates was introduced into the aqu- 
eous phosphoric acid solution over a period of 1 5 min- 
utes. The thus obtained phosphate particles had a 
globular particle configuration similar to that in Exam- 
ple 1 but the particles were very coarse to have an 
average particle diameter of as large as 18.97 urn as 
is shown in the microscopic photograph of Figure 2 
and the histogram shown in Figure 4. 



Claims 

1 . A rare earth phosphate powder consisting of par- 
ticles having a globular particle configuration and 
an average particle diameter in the range from 1 
urn to 10 jim. 

2. A composite phosphate powder of lanthanum, ce- 
rium and terbium in combination having a chem- 
ical composition expressed by the formula La x . 
Ce y Tb (1 _ x _ y) P0 4 zH 2 O t in which x is a positive 
number in the range from 0.4 to 0.7, y is a positive 
number with the proviso that x + y is in the range 
from 0.7 to 0.9 and z is zero or a positive integer 
not exceeding 5, consisting of particles of a glob- 
ular particle configuration having an average par- 
ticle diameter in the range from 1 urn to 10 \xm. 

3. A method for the preparation of a rare earth phos- 
phate powder which comprises the steps of: 

(a) adding a first aqueous solution of a salt of 
a rare earth element or an aqueous solution of 
salts of rare earth elements in combination 
into a second aqueous solution of phosphoric 
acid taking a length of time in the range from 
3 seconds to 5 minutes to form an aqueous 
slurry of particles of a rare earth phosphate or 
composite rare earth phosphate in an aqu- 
eous medium; and 

(b) separating the particles in the aqueous 
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slurry from the aqueous medium. 

4. The method for the preparation of a rare earth 
phosphate powder as claimed in claim 3 in which 

5 the concentration of the rare earth element or ele- 

ments in the first aqueous solution is in the range 
from 0.01 mole/liter to 2 moles/liter. 

5. The method for the preparation of a rare earth 
10 phosphate powder as claimed in claim 3 in which 

the concentration of phosphoric acid in the sec- 
ond aqueous solution is in the range from 0.01 
mole/liter to 5 moles/liter. 

15 6. The method for the preparation of a rare earth 
phosphate powder as claimed in claim 3 in which 
the amount of phosphoric acid in the second aqu- 
eous solution is at least 1 50% by moles of the the- 
oretical amount based on the amount of the rare 

20 earth element or elements in the first aqueous 

solution. 

7. The method for the preparation of a rare earth 
phosphate powder as claimed in claim 3 in which 
25 the temperature of each of the first and second 

aqueous solutions is in the range from 50 °C to 
100 °C. 
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